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After approximately 25 years of using open drains in 
the Lewiston Area, Utah, the water table has not changed ap-
preciably fro!!! what it was in 1921 when Hart and Adams (4) 
conducted their drainage investigations. lt is still only 
about three feet below the ground surface. This is not ef-
fective drainage , meeting neither of the two primary drainage 
requirements of an arid or semi-arid agricultural region, 
namely; preventing an accumulation of excessive water within 
the depth of soil required for optimum growth of plant root 
systems, and maintaining the water table at a depth below the 
ground surface greater than the maximum height capillary water 
can rise, carrying any harmful salts that may be present in 
solution. 
In the only other comprehensive study of drainage con-
ditione in the Lewiston Area, the Humphery Brothers (6) 
point out the need for drains placed at a depth of eight to 
ten feet. This requires the development of new drainage 
methods, since the present open and tile drains have been 
constructed to their maximum economical depth. Because of 
sloughing of the banks, six feet is near a maximum depth to 
which open drains can be dug without making them excessively 
wide. Present tile-laying machines will only work success-
fully in those saturated eandy soils to a maximum depth of 
six feet. 
Open drains are objectionable in that they serve as 
weed traps and become filled with vegetative growth which 
l 
makes them inefficient. Also, they tend to seal up with the 
finer soil particles which are brought in by lnflowing water 
and from the sloughing banks. 
2 
Because of tha peculiar geological formation of the soils 
and subsoils, the only other method in major use for the 
drainage of soils, i.e. drainage by pumping from relatively 
thick beds of pervious surface soils, or from a confined 
artesian aquifer, ie not feasible in this area. Therefore, 
the primary purpose of this investigation was to determine if 
a small shallow well could be developed which would allow 
drainage of the Lewiston Area soils to greater depths more 
efficiently and economically than is being done by present 
methods. 
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Underlying the sandy surface soils in the Lewiston Area, 
there is a bed or impermeable clay over 100 feet thick which 
was deposited in Lake Bonneville. The principal source of 
these s oi ls was Bear River, which carried a large load of 
sedtmont, The coarser sands were dropped near the shore in 
the river's delta, while the finer clay sediments were carried 
out into the Lake and settled out to form the thick clay bed, 
As the water in the lake receded, Bear River followed 
it on out into the valley, depositing ita sands in levees on 
top of the previously formed clay layer. These surface sands 
vary in thickness from about one foot to a maximum of 20 
feet. (JOl (2) 
Williams, Maughan, and Israelsen (10) describe tr.e 
effect of this peculiar geological formation on drainage con-
ditions as follows: 
Water flows with comparative rapidity through the 
sandy soils - -probably 10,000 times as rapidly as it 
flows through the clay. The result is the accumu-
lation of water on the clay layer to produce a 
perched water table. Since the sand layer is thin, 
the water table is everywhere perilously close to the 
surface. The perched body of ground water is fed 
not only by the downward flow of irrigation water 
spread in the field to water the crops, but also by 
excessive seepage from canals. It is also augmented 
by natural precipitation, especially by the melting 
of snow in the springtime. 
.•• With irrigation the water table has risen, and 
more and more of the sand levee area has required 
drainage. Any increased use of irrigation water under 
present methods will carry with it a corresponding 
increase in need for drainage, because the storage 
capacity of the sand for water is very small, and 
there is no chance for escape of water through the 
clay layer. 
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DRAINAGE BY PUMPING f_HOM HORIZONTAL WELL ~OINTS 
PROPOSED SHALLOW WELL 
The type of shallow well proposed for use consists of 
a standard well drive point placed in a horizontal position 
at the bottom of the sand layer, on top or the clay. A 
gravel filter must be put around the well point for efficient 
discharge and to prevent it from filling with sand • 
.JUSTIFICATION FOR TYPE OF SHALLOW WELL 
Because of the shallow depths of permeable soils pre-
vailing in ttis area, it is desirable that the well point be 
placed in a horizontal po sition instead of the standard 
vertical position, in order to increase the discharge ob-
tained. The increased discharge is the result of the 
greater drawdown and the larger effective radius of the hori-
zontal well. For permeable sands of greater depths the in-
creased discharge w auld probab ly be insufficient to warrant 
the added expense of construction . 
The ratio between the discharges to be expected from 
these two types of shallow wells is indicated by a consider-
ation of the appropriate well discharge formula. 
Using the formula illustrated in Fig. 2, 
Let subscript 1 refer to the vertically placed well 
5 
point and 2 refer to the horizontal well point. Then, 
~2 -h22 LoglO ~ 
~ ~ r = X H 2 h 2 LoglO ~ l - l 
r2 
Using a 5-ft. well point (5-ft. overall leng th, 48" 
screen), 
hl = 4.5 ft. ~ 0.5 ft. 
If the water table is 3 ft. below the ground surface 
and 
Hl :: R2 = 200 ft • .l/ 
rl 0.5 ft.2/ 
r2 = 1.5 ft.21 
tr.en, for a depth to clay of 10 ft. 
Hl . H2 • 7 ft. 
and 
~ 49 2.60 = Ql 29 X 2":""N 
Q2 2. 1 Ql 
\ 
Similarly, for 
12. 5 ft. to clay, Q2 = 1.6 Ql 
15.0 ft. to clay, 
"'2 = 1.4 Ql 
20.0 ft. to clay, ~ : 1.3 Ql 
1/ For radii from 150 to 300 ft. the chan~e in the ratio of 
discharge 1s in the second decimal place and makes no change 
in the ratio g iven be low. 
'E/ See section on Effective Well Had1us. 
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The method proposed for sinking the well assembly was 
to f irst construct a jetting assembly, shown in Fig . 3, con-
sisting of a vertical riser pipe with two short arms con-
nected into a tee at the bottom. On the under side of the 
arms, holes were drilled, The plan was to pump water down 
the riser pipe and out through the holes, causing water jets 
which would churn and stir up the sand under the assembly, 
allowing it to sink down to the underlying clay laye r . It 
was thought that a narrow trench would have to be dug down 
to the water table to drop the assembly in before starting 
to pump . 
After the jetting assembly had reached the clay, pump-
ing was to be continued wh ile the well-point assembly was 
dropped down in to the side of it. After this, the filter 
would be put in. 
The well-point assembly could consist of either a tee 
assembly similar to the jetting device, the arms being re-
placed with well points, or be ell-shaped with one long well 
point as illustrated in Fi~s. 5 and 12. 
PUb!P UAPACI'l'Y R.E.,.Ulh~D I<'OH JE'l'TlNG 
The question arose as to whether or not sufficient 
pressure could be developed in the jetting assembly after it 
was down to the clay layer to cause vertical piping of the 
overlying sandy soil. That this would not be a problem in 
the shallow depths considered is shown if the critical 
7 
flotation gradient for these sandy soils is assumed at 
if: 1.15. (5) Then, with 
if : critical flotation gradient 
h : pressure head causing flow, in feet 
L : length of flow path, in feet 
p pressure intensity gradient, in psi 
if ::: h 
= 
1.15; h = 1.15 L I 
If the pressure intensity ~radiant req uired to cause 
"quicksand11 is used rather than pressure head g radient 1 
then, 
p 0 .433 X 1.15 L 0.5 L 
Asswning 20 feet down to the clay layer, the pressure 
necessary to cause a quicksand condition would only be 
10 psi. 
The critical piping velocity is 
v • k if 1.15 k 
wbere k is permeability in ft. / sec, 
A consideration of the above figures made it obvious 
that the velocity and pressure necessary to create the needed 
quicksand condi tion through which the well-point assembly 
could be lowered were not the critical elements. The vel-
ocity of efflux of the water jets necessary to churn up the 
sand below the jetting assembly was plainly the critical 
thing in allowing it to sink. 
Teats indicated that jetting velocities of 5 to 6 . 
ft./sec. would be sufficient. 
If the jetting assembly were to r ave arms 3 ft. long 
8 
with 143 3/8" d1a. holes spaced on ~n centers, and a jetting 
velocity of 6 ft./sec. average was to be used, then a pump 
having a capacity of 0.7 cfs would be needed. 
Q • 0.0008 x 143 x 6 ~ 0.7 cfs 
A gasoline-driven pump hnving a rated capacity of one 
cfs and capable of developins 60 psi was ohtalned and used 
for sinking the two experimental wells. 
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Location 
The first well was located on the Glen w. Wiser farm, 
approximately 95 rods east and 15 rods north of the south-
west corner of section 5, Township 14 North, Han1:e 1 east, 
Salt Lake Base and Meridian. 
Jetting Assembly 
The arms of the jetting assembly were 2" black pipe, 
30" long, with the ends forged closed to a wedgE> shape. One 
of them had a single row of 3/8" holes spaced on ~" centers. 
The other had two rows of 3/8" holes, the row a being i" 
apart. The boles were on 1" centers in each row, and ~" 
centers between the holes in alternate rows, as illustrated 
in J:<'ig. 4. 
The riser pipe consisted of 5-ft . sections of 2" black 
pipe connected with standard pipe couplings. 
Water £2£ Jetting 
The water used in jetting was pumped from the drain 
running east and west back of the Wiser home. 
Jetting Procedure 
A hole 5 . 5 ft. long by 2 ft. wide and 3.5 ft. deep was 
dug before starting to jet. A hardened sand layer was en-
countered between the 3 and 3.5 ft. depth. 
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While jetting, the assembly sank about t ft. per minute. 
It would have sunk more rapidly , but since no holes had been 
bored in the bottom of the tee it was necessary to wait until 
sufficient washing from the arms undermined the sand under 
the tee. 
At the lO-ft. depth another hardened sand layer was 
encountered. Jetting through a half foot of this was slow, 
after which the assembly dropped to the clay layer at the 
13-ft. depth, 
IVhile still pumping through the jetting device, the 
well assembly, consisting of a 2 11 Johnson well drive point, 
dl5 slot , 5 ft. long (48" screen) and attached to the 2" 
riser pipe with a 90 degree ell, was dropped down the hole . 
The end of it caught on the hard layer at 10 ft. 
It is believed that if the jetting assembly had been 
worked around by hand, as it was during the first ten feet, 
a large enough hole would have been washed to allow the well 
point to sink farther down, 
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When the well point was pulled up, it wao found to have 
washed full of fine sand. Some of the sand had washed back 
up into the riser pipe. 
1\hile replacing the Johnson well point with a shorter 
sand point, one with a 30" fine wire 'llesh, 42" overall length, 
Fig. 6, the pump for the jetting assembly was shut off. When 
upward flow stopped, the sand settled down around the jet 
assembly and held it firmly. After the pump was started again, 
although the pressure was on, it was 10 or 15 minutes before 
upward flow commenced. l3ecause of' the "feel" of the sand 
when probed with a 14ft. piezometer tube, it was believed 
that the arms of the jetting assembly had filled up with 
fine sand when the pump had been shut off and the pressure 
gradient reversed, When punping was resumed only the one arm 
had washed clean. 
12 
With upward flow re-established, the shorter sand point 
was dropped in and went all the way down. While trying to 
get the jet assembly raised above the sand point it was dis-
covered that the jet, while unattended, had twisted sideways. 
Vlhen lifted, the ends caught on the overlying hardened layer. 
It was believed that the arm thought to be filled with sand 
kept the assembly from being rotated back into position so 
that it could be lifted out of the holeo 
The sandpoint acted as a piezometer, and water rose in 
it about four feet above the level of the ground . 
When the fine screen sandpoint was pulled back up it 
was found to be relatively free of sand, After this it was 
put down in the hole again. 
The riser pipe of the j etting assembly broke at the 
joint 5 ft. from the bottom. This was done while trying 
to work it loose. 
After a pumping test had been made on the coarse natural 
sand left after the upward washing, 0,2 cu.yd. of filter no . 1 
was put down and then on top of it 0,4 cu.yd, of filter no.2. 
The 10 ft. of riser pipe which had broken off was u sed 
to jet the filter material to cause upward washing of the 
filter, Upward flow of water was too localized to develop 
a good vertically graded filter and failed to wash the 
necessary fines out of filter no, 2, Also there was consid-
erable doubt that the filter was properly placed around the 
sandpoint. 
Another pumping test was run, after which the well was 
left until after Experimental Well No, 2 had been completed , 
13 
Then about 5 cu.yd of filter no . 3 was used to fill up the 
well. It was jetted with the vertical pipe jet as before, 
with essentially t he same results. A final pumping test was 
made. 
Natural Soil and Filters 
Fig. 7 shows by mechanical analysis the natura l sorting 
and grading obtained with the upward flowing water. This is 
shown by comparing the ~echanlcal analysis curve for the soil 
which was washed out of the we 11 with the cur:'.~ . .fop .• he 
washed natural soils at the 7 and 12-ft. dept~ :~·; • •.. . 
It was estl.Jnated that about 2 cu.yd. of ;~'i:ne:· ~·~nd 
.· ... 
washed out of the hole. 
·:·· ..... 
... · .. · 
!o'ilter5 no. 1, 2, and 3 are also shown. :f.r:lt ~'l' '•no. 2 
.. · .. · 
as shown had too many fines in it, but it had been ant1ci-
pated that these would wash out with the upward flow of the 
water from the jetting assembly. This was prevented when 
the jetting assembly was broken. 
Filter no. 1 was an ordinary plas ter sand, screened to 
pass a no. 8 sieve and be retaine d on a no. 40 sieve. 
Filter no. 2 was the same plaster sand as no. 1, but 
was unacreened, 
The basis for t he desig n of filter no. 3 is gi ven 
under Experimental Well No. 2. 
_fumping_ Tests 
The pumping test made on the washed natural sand before 
the filter was put down gave the following r esults. At the 
start 9.5 gpm were pumped at zero drawdown. After one hour 
and 15 minutes with a 9-3/4 " drawdown, 8.5 gpm were pumped. 
Ill 14 
After filters no. 1 and 2 had been put down, another 
pumping test was r un . At the start 15 gpm were pumped. After 
4! hours, w1th the dr awdown at 36 11 , 12 gpm were being pumped. 
The final test, after filter no. 3 had been added, started 
at 17 gpm w1th zero drawdown and ended at 10 gpm w1th a 42 11 
drawdown. 
'l'he fines wt thin the filter ke p t the water from dropp ing 
rapi dly down to the bottom of the well, g iving maximum draw-
down imme diate ly, as would have happened if 1t had been 
proper ly graded . This would have given g reater discharges, 
and a wider radius of influence. 
Location 
Experimental Well No. 2 was located on the Hichard G. 
Meier farm, approximately 70 rods east and 13 rods south of 
the northwest corner of section 31, Township 15 North, range 
1 east, Salt Lake Base and Meridian. 
Jetting Assembly 
The arms of the jetting assembly were of 2 11 black pipe 
36 11 long w lth the ends forged closed to a wed~e shape. As 
15 
a res ult of the experience with Experimental Well No. 1 it 
was decided that the arms with two rows of holes as described 
under Experimental Well No. 1 should be used . The number end 
size of holes was modified, beginning from the outer end with 
small holes. The size was increased goinc toward the center 
tee as follows: 12 holes at ?/32 11 , 13 at :!", 14 at 9/32 11 , 
and 2f3 at 5/16". In the tee, four 9/64 11 holes were s paced 
on one-inch centers. This hole spacing g ave a fairly uni-
form water jet across the length of the jetting arms as 
illustrated in Fi~s. 8 and 9. Sli ~htly larger holes could 
have been used in the tee. Braces were welded from the 
riser pipe to the .Jetting arms to 17, ive added strength. 
Also, the joints in the riser p ipe were s pot welded. This 
was done to keep the couplings from ti~htening up if it was 
necessary to use pipe wrenches on the riser pipe to rotate 
it back into position in case it twisted sideways as ~ap­
pened at Experimental Well No. 1. 'rhe riser p1pe was lb ft. 
long. 
Wat£ £.<ll: Jetting 
The water used for jetting was pumped from Drainage 
District No. 5's drain which runs north and south through 
Mr. Meier's farm. 
A v-notch weir was installed in a ditch which carried 
the jetting water away from the well and was used to measure 
the discharges. 
Jettln~ Procedure 
To aid in preventing the jetting assembly from twist-
ing sidewards, two sets of two piezometer tubes each, with 
3.5 ft. between sets and one foot between tubes in each set 
as illustrated 1n Fig. 10, were jetted down into the clay. 
A hole 6! ft. long by 15" wide and 3! ft. deep was dug 
through the surface soil between the piezometer sets and 
through the hardened sand layer which was encountered here 
as well as at Experimental Well No. 1. 
The jetting assembly sank immediately at the rate of 2 
ft. per minute down to the clay layer at the 10-ft, depth. 
One-half cfs of jetting water was being used. Pumping was 
continued for one hour until no more fine particles were 
washing out. Then the well-point assembly, consisting of 
the 5-ft. long Johnson well point, #15 slot, attached with a 
90-degree ell to the riser pipe as illustrated in Fig. 11, 
was dropped into the hole . 
Before dropping the well-point assembly, it was con-
nected to another small pump and water was pumped down 
through and out of the well point. This outward flow pre-
vented the lnwash or sand such as occurred at Bxper1mental 
Well No. l. 
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Pumping continued through both jetting and well-point 
assemblies for another hour, the discharge being 2/3 of a 
sec,rt. The increased discharge brought up more fines. The 
pump supplying the je tting assembly was shut down to idling, 
after which 2! cu. yds. of filter no. 3 was being shoveled 
into the hole. Upward washing was continued with 1/3 sec, 
ft. for another 45 minutes . Another lt cu. yds. of filter 
was put in, after which the jetting assembly was pulled out 
and pumping continued with the well point only. After 15 
minutes of backwashing the hole was completely filled with 
the filter, Backwashing continued for another 15 minutes 
after which the pump was shut down. 
When all water had disappeared from the top, the little 
pump was started up again, Immediately water appeared on 
top of the filter and sand boils commenced forming, showing 
the hig h permeability of the graded filter that had been 
developed ,· Before all the filter had been shoveled in, the 
ground for several feet around the well was becoming soft 
and some mud boils appeared in it because of the upward 
water pressure, 
Natural Soil and Filters 
17 
Fig. 16 shows the mechanical analysis of the natural 
soil formations at the site of Experimental Well No. 2, It 
also shows the mechanical analysis of filter no, 3 which was 
used at this well, A comparison of mechanical analysis 
curves of the in-place filter shows the decided natural sort-
ing and upward grading obtained by the upward flowing water. 
18 
From the results of the pumping test in which the wate r cle~red 
so rapidly from silt, it is evident that there was also a 
horizontal grading of the filter outward from the well point. 
In choosing filter no. 3, the design criteria recom-
mended by the U, S, Waterways Experiment Station at Vicksburg, 
Mississippi was followed. (3) (7) It is: 
a, The ratio of the 15~ size of the filter to 
the 85~ size of the sand should be lese than 
s.o. 
b, The ratio of the 15~ size of the filter to 
the 15~ size of the base should be less than 
20, and the ratio of the 50% size of the 
filter to the 50~ size of the base should be 
less than 25. 
c. The filter should also be uniformly graded from 
its maximum to its minimum size, with no large 
excess or lack of intermediate sizes. 
d. The ratio of the 15% size of the filter to 
15% size of the base should be greater than 
4 so that the filter will have a permeability 
sufficiently g reater than that of the base. 
They also recommend that the ratio of the n85 size 
of the filter to the slot width of the collector pipe should 
be grea ter than 1.2 to prevent excess washing of the filter 
into the pipe. This ratio for the filter around t h e well 
point was 12.1. The rati os for the filters and sands are 
shown on Fig. 16. 
On the baeis of the above criteria, a uniformly graded 
filter passing a 0,33 inch sieve and retained on a no. 40 
sieve was ordered, This filter, no. 3, as delivered, was 
a little finer than anticipated. 
Because it was realized that the filter around the well 
point would be much more coarsely graded than the original, 
the design of filter no. 3 required that its upper limits be 
abou t 20% (arbitrarily chosen) of the limits given above. 
The figure shows that the ratio of the coarsest filter 
sample, F-6, to the natural sand at the same depth, N-6, 
was well within the U. s. Waterways recommendation, except 
for uniform grading. 
The sample of the filter at the 9-ft. depth is believed 
to be finer than actually existed, since while the sample 
was being taken with a soil auger, some caving of the fines 
from shallower depths wae taking place. It is believed that 
F-6 is more nearly representative of the filter at the 9-ft. 
depth. 
~ Pumping b,.tl 
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Immediately after completion of installation of well and 
filter, a short pumping test was run to see how effectively 
the filter was working. After two minutes of pumping, a 
discharge measurement was taken. It was 60 gpm. Three 
minutes after pumping was started the water became clear of 
silt and remained so for another two minutes, after which 
it began showing signs of silt again, clearing up completely 
after ten minutes and remaining so for the rest of the 
pumping test. The discharge dropped steadily during the 
first hour, at which time 20 gpm were being pumped. At the 
end of another tour and 15 minute~, it was being maintained 
at 17 gpm. 
Since the above test had been performed while the 
water table was high as a result of jetting operations, 
several days were allowed to elapse before another test was 
run to allow the water table to return to a normal position. 
The well discharge was measured by noting the time it 
took to fill a five-gallon can. 
Water Table Measurements 
Two lines of 4" auger holes were bored, one running 
north and south and the other east and west wtth the well at 
the center . Ground surface elevations ware taken at each 
auger hole and then measurement~ were made from the ground 
surface to the water table with steel tapes. The static 
water table elevations and water table elevations during 
pumping were ~s shown in tables 1,2,3 and 4. 
Pumping Test 
A three-day pumping test was started the morning of 
April 22. Initial discharge was 60 gpm and illustrates the 
effectiveness and high permeability of the filter. After 
15 minutes of pumping the discharge had dropped to 20 gpm. 
At the end of six hours it was being maintained at 15 gpm. 
The next morning, April 23, 13.5 gpm ware being pumped. 
That evening it had dropped to 12.5 gpm. The second morn-
ing, April 24, 12 gpm was being pumped, and the final morn-
ing, April 25, it had dropped to 11.75 gpm . Figs 17 and 18 
illustrate the positions of the ground water, both north-
south and east-west lines, before and during pumping. 
Fig. 19 shows the time-discharge curve. 
Permeabil1 ty 
The Thiem method for determination of permeability 
coefficient of pervious surface strata as described by 
Justin, Hinds and Creager (9) was used to determine the 
20 
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;ermeability of' the soil at the site. Fig. 20 illustrates 
lhs equation used with this method, and is basically the same 
ts Fi~. 2. It shows the method of' using two observation holes 
to determine permeability. Also, Q is expressed in ~pm in-
Etead of cf'/day. 
The values for calculating the permeability are recorded 
1n tables 5 and 6. The permeability based on the cone of' de-
>r6ssl n ln the north-south plane averaged 9 x lo-4 ft./sec. 
cased on the east-west plane cone of' depression lt was 11 x lo-4 
!t./sec, 
E.ff'ectlve Well Radius 
Because of the deoarture of the experimenta l well from 
t 1e standard vertical type, 1t is diff'icult to determine a 
l',J.dlus so that a comparison can be made between the discharge 
o~ horizontally-and vertically-placed well points. To arrive 
at a radius to use, it was decided to determine the equiv-
alent diameter of the well. This dimension is defined as the 
e1u1valent diameter of a well and gravel ftlter, which, when 
i1stalled 1n a pervious foundation, will have no entrance 
l>sse s into the we 11. ( 7) To obtaln this, use was made of 
t he Thiem equation of well flow from a surface stratum: 
(See 1<'1~. 20) 
k 
1224 m (s 1 - s 2 ) 
Solving this equati on for r
1 
g ives, 
r 
1 - loglO r 2 (2) 
Let 
= 5 ft. 
: 6, 40 ft. 
sl 10 ft . 
81 - 82 3.60 ft. 
m = 1.80 ft. 
k = 9 X 10-4 ft . /sec. 
Substituting these val les in equation 2 and solving for r 1 , 
which is the effective well radius when s 1 : 10 ft., the 
maximum possible drawdown , gives 
1.67 .ft. 
As a further check , as sign a s econd set o.f values all 
follows: 
= 
15 ft. 
: 6.01 ft. 
sl 10 ft. 
sl - s2 4.99 ft. 
m 
= 
2.50 ft. 
k 9 X 10-4 ft./ sec. 
This give s 
l.BO ft. 
For comparison with tho vertically p laced well point, 
an e.ffective radius of 1.5 ft, was used, 
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Considering the amount of filter that could be placed 
around the vertical well point, as compared wtth the hori-
zontal point, 1t 1s believeu that a conservative effective 
radius was chosen when 0 ,5 ft. was assu~ed for the vertical 
point 1n the section on Justification for Type of Shallow 
Well. 
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For dra~,age research work, it is proposed t~at one or 
the two following pumping plans be used. 
l. Pump from six well units as a ~roup, using a one-
half-torse~ower ce~trifugal pump. Arrange well units in a 
strai.:r t line and space at 100-ft. intervals. The pump will 
be ~laced midw ay between the two center wells. The center 
300 fL. will ~e 2l" pipe, the outside 100 ft. on each slde 
wlll be 2" nipe . 
2. Pwnp fran four well units as a ~;roup, using a one-
third-l.orsApower centrlfu11;al pUI!!p. ArraniSe and space as in 
plan 1. The center 100 ft. wtll be 2~ 11 pipe, the outside 100 
ft. on each side will be 2 11 pipe. 
It is assumed that a 200-ft. length, 3"-dia., outlet 
pipe line will convey the pumped water into a canal or irri-
;~;atton ditch, so that .lt can be used for trr11:1at1on purposes. 
Tt e assumption is that each well unlt will req 1J:re 15 ft. of 
2" dia . riser pipe. 
The item which is hardest to predict in estimating the 
cost is the most economical well spacing. For research work 
it is suggested that valves be placed at each well unit so 
that the wolls may be pumped individually and in grou;>s to 
determine the effect of ~ell spacing on discharge. Also, 
the valves will allow head loss adjustment so that maximum 
drawdown can be obtained simultaneously at each well. 
The well spacing Jo!;iven above was tentatively chosen as 
a res"lt of experiments in Knnsas which are reported by Carl 
hohwer. (8) 
2 .. 
l 
Cu;:.:r Ai,ALJ:->i>S OF 
~hUPOSED WELL SYST&MSl/ 
The cost of the 6-well system, the cost of the pump unit 
designed for the capacity and lift of the system, and the as-
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st~ptions noted were used in making the following cost analysis. 
Capital Cost:! 
1. well and extras 
(see table 7 for itemized esttmate) 
2. centr1f ·~gAl pumP, , -hn. 
1ot&l cepttal cost 
Annual Operatinp Cost 
1. power costa for pumping ~~ montts 
:a .,.4.b3 per 30 day monthV 
2. maintenance @ $10 per year 
3. annual payment for amortization of 
capital (4% 1ntereot, 20 year life) 
Total annual operating cost 
Cost ~ Acre 
.. 1,036.40 
_125.00 
~ l, 161.40 
$ 54.36 
10.00 
-~~46 
149.82 
The assumption is made thnt pumping will continue through-
out the year, that each well will yield an average of 8 gpm 
when pumped individually, or that the average yield per well 
will be 6 gpm wh en pumping the whole system. (8) This will 
give 36 gpm average annual discharge for the system. It is 
also assumed that one acre-foot of water per acre per year must 
l/ Only meager and preliminary data concerning costs of pump-
ing facilities and well installations and development are now 
available. Cost estimates are, therefore, of necessity based 
on aporoximctions and assumptions, both of which will change 
as further factual data become available. 
Y hate figured from schedule #24, irrigation and drainage 
pumping power service of the Utah Power and Light Company. 
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be removed by artificial drainage, and that of this 2/3 acre-
foot must be removed by pumping . The other 1/3 acre-foot is 
assumed to be removed as spring runoff by existing open drains . 
Since one gpm flowing one year is equivalent to 1.61 acre-
feet, 36 gpm yields 58 acre-feet of water, or the excess water 
from 87 acres. 
Assuming a 20-year life of the well system, the annual 
payment will be ~1.72 per acre per year. 
If the total capital co~t plus the first year's annual 
power and maintenance cost is paid for the first yeor , then tbe 
cost per acre the first year will be •14.10. Following years, 
the cost would be the annual power and maintenance cost of 
~.74 per acre per year. 
If the value of the pumped water for irrigation is allowed, 
this coat reduces to $0.18 per acre per year. 
Use of Pumped Water for Irrigation 
Based on the Van Orden report and a verbal con versa ti on 
with Mr . Nyman of the Federal Land Hank, Logan, Utah, water 
ln the Lewtston Area has a value of at least ~2.00 per acre-
foot. 
furing a 5- month irrigation season the volume of water 
pumped at the rate of 36 gpm is 24.15 acre-feet. The value 
of this water at ~2.00 per acre-foot would be i48.30. This 
amounts to 75~ of the annual power and maintenance costo 
F0UH-\oELL SYS'l'hl4 
The cost analyses of the 4-well system wlth pump, etc., 
follows: 
Capital Costs 
1. well and extras 
{see table 8 for itemized estimate} 
2. centrifugal pump, 1/3-bp. 
Total capital costs 
$ 760.68 
105.00 
$ 865.68 
Annual Operating Cost 
1. t>ower cost for pumping 12 months 
@ :1!>3.71 per 30-day month. 
2. maintenance @ ~10 per year 
3. ann;ul payment for amortization of 
capital (4/b interest, <W-:;ear life) 
Total annual operating cost 
$ 44.52 
10.00 
~.70 
lP 118.22 
Making the same assumptions as for the t;;-well plan, tl':e 
24-e,pm discr.arge will remove excess water frcrn 58 acres. 
Assuming a 20-year llfe of the well systan, the annual 
payment will be ~2.04 per acre per year. 
If the capital cost plus the first year's annual power 
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and matntenance cost is paid for the first year, then the cost 
per acre the first year will be $15.87. Following years the 
cost wo ,ld be the annual !JOIVer and maintenance cost of ll>Q. 94 
per acre per year. Allowing for the value of the water for 
irrigation, this reduces to '1!{).39 per acre per year. 
Making the same assumptions as before, the value of the 
water pumped each year would be ~3~.16. This will pay 59~ 
of the annual power and maintenance cost. 
The purpose of the invest16ation was to determine if a 
method could be devised to place a well point in a horizon-
tal position on the clay layer and develop a satisfactory 
ftl ter around 1t. A further purpose was to determine if 
this could be made an effective and economical method for 
drainage of the shallow sandy soils in the Lewiston Area. 
Two experimental wells were put down in seeking to 
develop a satisfactory procedure for installing horizontal , 
gravel-packed well points. Well No . 1 primarily answered 
the questions: 
1. What type of jetttng assembly would be satis-
factory, and 
2 . How to put the well point down so that it would 
not fill with sand. 
The jetting assembly as described in this report was 
satisfactory. However, it is suggested that in any future 
work the four 9/64" holes in the tee be enlarged to 3/16" 
diameter. This will give a more uniform water jet across 
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the length of the jetting arms. The well point can be pre-
vented from filling with sand 1f water is pumped down and out 
through it while being lowered into the hole. 
Well No. 2 showed thatt 
1. The jetting assembly designed as a result of ex-
perience gained at i'lell No. 1 was satisfactory. 
2. Filter no. 3 would develop stable filters at all 
depths. A comparison of F-6, the coarsest washed filter 
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at Well No. 2 with the wasted na tural sands at Well No. 1, 
as illustrated in Fl~ . 7, indicates that lt would be entirely 
stable here also. Fran this lt is believed that this filter 
is adequats for any of the soils encountered in the northwest 
Lewiston Area. 
3. The soils in this location are htghly permeable, 
and provided well-discharge data from which a cost estimate 
could be prepared. 
Subject to further experimental work of the proposed 
well systems, the estimated cost analysis, which was based 
on results of the data obtained during the course of this 
investigation, indicates the probability that drainage by 
pumping from horizontal gravel-packed well points is 
practical and economically feasible. 
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Fig. 2 
Pumping From Surface Stratum 
Ground Surrace 
~ Ground Water Level Defore 
~ j _____ P~~i~~=--g~--:--
Drawdown Water 
Q = rate of extraction in cubic feet per day 
k ~ coefficient of permeability in feet per day 
r .= radius of well in feat 
R radius of circle of influence in feet 
h - distance from well bottom to draw down curve in feet 
H - distance from well bottom to original water table 
in feet 
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F'1g. 3. Jetting assembly showin.g the white 
bands around the riser pipe at 
5-ft. intervals. 
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Fig. 4. Another view or the jetting assembly, 
showing holes in the jetting arms. 
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Fig. 5. Ell-shaped well-point assembly, #15 slot, 
48" screen, Ed. E. Johnson Co. 
well point. 
. Fig. 6. Fine wtre mesh sand potnt. 30" perforated 
end 42 11 overall length. 
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Pig. 8. Pumping through the jetting assembly 
before sinking Well No. 2. 
Fig. g. Another vtew of the jetting assembly showing 
the length or the jetting arms. 
39 
Fig. 10. Jetting assembly has just reached the clay. One-
halt eta of jetting water is flowing away 
in the ditch shown at the bottom of the 
picture. Two sets of ptezometer tubes were 
used to keep the jetting assembly from 
twisting. 
40 
Fig. 11. Ready to drop tte well-point assembly into the 
hole. The large pump supplying the jet 
assembly 1a pumping out of an open drain. 
The small gasoline pump was used in the 
pumping tests. 
41 
Pig. 12. Another view of the ell-point assembly. Cam-
pare the position of the boards in this 
picture with Figs. 13, 14, and 15. This 
shows caving of the soil on the right 
side of the well. More time spent in 
preliminary pumping than necessary. 
42 
-Fig. 13. Pumping up through the filter using the 
well potnt. The jet assembly has 
been withdrawn. 
43 
Fig. 14. After pumping was stopped, water flowed 
downward through the filter. 
44 
Fig. 15. Sand boils appeared on top of the filter 
immediately after the pump was started,showing 
that a pervious filter bad been obtained. 
45 
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.r Ground Surface 
50 
Ground Water Surface Before 
_ ~~innin~ Pum....::p :...i..-n;;~;_.----1 
m-
~ Water Surface After 
Equilibrium is Reached 
For Pumpin~ Rate Used 
Clay 
.:: D _ a,+ s , 
2 
Q loSJ.o !L 
k = r 
1224 m (a,- s.) 
where k = coefficient of permeability in feet per second 
~ = rata of pumping in gallons per minute 
~and~ = distances from pumped well to two observation 
wells, in feet 
h, and h, = depth of water in observation wells durin~ 
pYIIlp1ng, in feet 
a, and a, = distances from datum plane to drawdown curve at 
observation walls, in feet 
D = distance from clay layer to datum plane, in feet 
m = average vertical thickness of the saturated 
portion of the water-bearing bed between the 
two observation wells, in feet 
Fi~. 20 
Pumpi~ from Surface 
StratU!I. 
Thiem Formula 

Station 
Nortb 05 
10 
15 
25 
50 
75 
100 
1" (l 
Table 1. Wate r table elevations at Well No . 2, before 
and during pumping test. Dis charges are also 
shown. In1t1al discharge was 60 gpm . North 
line. Assumed elevations, 
---.--- -----r-- -----,;:-;---··------ ~ I L ''r;u r.~<m: l !h~~nj lr,r: gf' •Jugpin 
Eleva tion Static ~ 0 1 r•, , ., 4 , ra 1 •; t.rs 1 4Si.......tr.::....f_7' • 
ground water table 1 ~ k'l a'l ~"· ~ lE . ~·~ ___ _ surface elevation r- ' .,. 
I ~· 2 - p;lWp,;lg ---L~?=j feet 
99,7 1 
99,54 
99.56 
99 .47 
99 ,38 
99.48 
99.57 
feet 
97, l b 
97,12 
97.12 
97,12 
97.09 
97.10 
97.07 
J~ .l b 97,14 
II 93.67 : 93.67 :3 93 .48 'l 93 . 38 I 
94.42 1 94.42 94 . 37 94 .16 94 . 06 
94.98 
9b .76 
96.34 
96,81 
96,95 
97.08 
94.81 
95.39 
96.15 
96 ,61 
96 . 72 
94.68 
95 , 37 
96 . 09 
96 . 56 
96 . 67 
94 . 60 1 94.50 
95.22 I 95 . 17 
96 ,0 2 96.88 
::: :: ', :: : :: 
96.93 96 .78 
97.05 1 97.01 
---~------~-----r------~----- ·-----~ 
1-----19_o__._ 1_o_o_. 3~ 97 . 26 
97 , 00 97,00 
9 7 .13 97.11 97 .11 
CJ1 
..... 
rStot1on 
I South 05 1 
10 I 
15 
25 
50 
75 
100 
150 
200 
Table 2. Water table elevations at Well No. 2, before 
and during pumping test. Dischargee are also 
shown. Initial discharge was 60 gpm. South 
line, Assumed elevations. 
-r-------r 
Elevation Static 
ground • water table 
surface elevation 
-- -Time [.:ron: b.!!£Uilllna of pumptruz: ___ -=1 
6 hrs.__"!:26 hl'B,T34 h~§_b,rs. r-;z----~.._·-1 
Discharge 1n gQ!L._ ________ ___J 
feet feet 
98.94 97.07 
15 13_.5 1 _ J.2.5 L 12 l.,.. ll • .:zA.--::1 
.- ::~ :;::: ~":::: r
1
, :~:l :::~:· . 1
1 
94,93 94.63 94.63 94.47 94.38 
95.35 95.27 95,04 I 95.00 94.93 I 
98.90 97.15 
99.55 97.10 
96,30 96.05 I 95,92 I 95.86 95,72 
96.75 96.54 I 96.43 96.39 96 , 27 
9 6.89 96.82 96,74 96 . 72 96 , 63 
97.02 I 97.07 I 97.0J_97.02 96 . 94 
97,22 I 97,30 97,18 97,22 97,lo 
-~__j__j__ 
99.43 97,12 
9S.26 97,10 
99.25 97.09 
99,26 97.05 
98,69 97.11 
98.22 97,39 
At station 125 ft. S, there was a pond, water elevatton of which was 97,10 ft, 
Table 3, Water table elevations at Well No, 2, before 
and during pumping test. Discharges are also 
s hown. Initial discharge was 50 gpm . East 
line. Assumed elevations, 
r----- ._E_l ___ t _i --j.--s- t_ t_i----r----.,.T"'"1_m_e-:;fc--r·o·t-n- b'""_e_g-ri-nn-,..-i-ng--of-;;-p-um- -p-=-1n_g _____ l 
eva on a c . r 6 hrs, l 24 hrs. l 34 hrs . l 46 hra.J___ 72hrs:- l 
Station groundfater table E -Discharge in g m surface . e1evat1o~--~5 I 1_3.5"1-,2 .. .5 I z~nl 75 ~====4-==:f:=e=e""t feet --- Elevation Water "Table While Pump1j - Peet 
99 . 58 I 97.12 93.72 I 93 . 66 1 93 . 71 93.52 I 93.41 East 05 
10 99 . 45 97 ,1 1 94 . 33 94,28 94 , 26 94 . 20 94.05 
15 99 , 07 97 . 10 95,11 94 . 97 94.86 94 , 78 94 .66 
35 99 , 11 97.03 96,32 96 . 07 96 . 0 1 95 . 92 95,74 
50 99 . 45 96,99 96 , 53 96.33 96 , 33 96,18 96 ,04 
75 98,80 96 .88 96,65 96 ,49 96 , 45 96 .36 96 ,24 
100 98 , 80 96,90 96 ,76 96,59 96 . 55 96 .47 96 .38 
150 98 . 85 96 ,83 9 6.73 
I 
96.66 96 . 60 96 .56 96.48 
200 
250 
300 
98.94 96.84 96.82 
I 
96.69 96,67 96 . 6 1 96 , 55 
99.15 96.80 96,80 96 , 80 96,73 9 6 . 69 
98,99 96.83 l 96 , 83 96 . 83 96.~.72 _j ___ 
Elevation of bottom of drain at station 25 ft, E was 9b,4l ft. The elevation of water 
1n drain was 97.09 ft. 
I Station I 
I We st 05 
I 10 15 
25 
50 
75 
100 
150 
200 
250 I 
Tabl8 4. Water table elevations at Well No . 2 , before 
and during pumping test. Discharges are also 
shown . I n itial discharge wa s tiO gpm. West 
line. Assumed elevations. 
I Ttm~ t~~ b~~3~~:~~ Q~ g~~e~Pi Elevation I Stati c 6 IY: Il . ==~ ==.tz: :::: I :6 ::::: 72 hl'A ground water tabl8 D~h l!.f~~ in a nm surface j elevation 1- 15 1 1~~ '-- ::~Ii r 12 I 11.75 
feet I feet Elevation Water Table Whii e - i'~et 
99.39 97.14 I 93.43 I 93.31 I 93 . 31 I 
93.14 93 . 10 
99 .20 97.12 94.24 I 94 .12 94.12 93.99 93 . 91 
9 9.07 97.13 94.94 94. 6 1 1 94. 65 94.49 ' 94,36 
98.93 97.18 95 .72 95 .18 95 .14 94 . 91 94 .81 
99 . 09 9 7 .15 
I 
96.34 95 . 92 95. 8 4 95 . 69 95 , 5 1 
99. 17 97.13 96,67 96.34 96 . 23 96 .09 95 . 90 
99 .17 97,15 97.00 I 96 . 67 96 .59 96.46 96.27 
I I 
99.62 97.39 97.33 96 .27 97.23 97 .14 97.00 
100. 10 98.00 97 . 98 97. 91 97 . 9 1 97 . 85 97 . 79 
99.55 97.88 I 97. 88 117. 88 97.84 97 .76 
' 
I 
Table 5. Permeab1 Jitiee ~t Well No, 2 as Determined by 
the Thiem Formula -- North-3ou t h Vertical Plane. 
I Horizontal distance II Distance from datum Avera ge thickne s s TPermeabil1ty o-f -
1 
from axis of well plane to drawdown water-bearing sands soi l formation 
curve between obser. well 
[_- r feet r 2 I sl_lf_/_e_e-jt--s-"2.._1/ _ t--1 - ·---f_:_e t I ft. ~"""s c-'-"-c "'-' --i 
I 15 25 1 5.04 4.44 5.26 I 9 x lo-4 
15 50 5,04 3, 66 5 . 6 4 8 X 10-4 
15 100 I 5.04 3.06 5 , 94 9 X 10-4 
15 150 5,04 2 ,95 6,00 10 X 10-4 
~~ lgg 1 t:: g:~~ ~:~L4J ~ ~ ~=: 
25 150 4.44 2,95 6.3o 10 x lo-4 
50 100 3.66 3,06 j 6.62 9 x lo-4 
50 150 3,68 2.95 6 ,69 12 X 1Q-4 
r--------1---- - --- ----- ----
Average 9 x lo-4 
----------------~ 
1/ Avera ge of the north and south readings. The eymbols are described in Fig. 20. 
An average di3charge of 15 gpm was u sed for all calcula tions. 
Assumption: {1) That the clay layer. land surface, and ortg1nal water surface are 
horizontal land s urface 
(2) That the distance from the / datum plane to the clay layer 1s 10 ft. 
(J1 
(J1 
Table 6. Permeab1 11ties at Well No. 2 as Determined by 
the Thiem Formula -- East-~Yeat Vertical Plane. 
- --
I Horizontal di stance I Distance from datum Average thickness PoM>ooblllty of _j from axis of well plane to draw down water-bearing sand soil formation 
curve between obasr. wells 
1.u..t.... f'AAt. f'eet 
·-
______!~ 
sl .11 82 y rl r2 m k 
I 5 15 6.43 I 4.98 4.30 9 X 10-4 
15 50 4.98 3.56 5 . 73 ! 8 X w-4 
15 75 4,98 3.34 5 .84 9 X 10-4 
15 100 4,98 3.12 5 . 95 9 X lo-4 
50 75 3,56 3.34 6.55 15 X 10-4 
50 100 3.56 3 .12 6, 66 13 X 10-4 
50 150 3,56 2. 96 6.74 14 X lo-4 
50 200 3.56 2.60 1 6.92 llx 10-4 75 100 3.34 3.12 6.77 10 X 10-4 100 200 3.12 2.60 7 .14 10 X lQ-4 
Average 11 x lo-4 
1/ Average of the east and west readings. The symbols are described in Fig. 20. 
An average discharge of' 15 gpm was used for all calculations. 
Assumption: (1) That the clay layer, land surface, and the original water surface are 
horizontal. 
(2) That the distance from the land surface datum plane to the clay 
layer is 10 ft. 
v 
Quantity 
!quiprn~n.J. 
G 
290 ft. 
300 ft. 
200 ft. 
8 
5 
6 
6 
6 
1 
Table 7, Caoltal Cost Estimate for 
Stx-Well System 
Unit 
Item Cost 
------
!:!:!.d ::>up q])_~l!. 
c" well polnts, t/15 slot, 
Ed. E. Johnson Company • 8.50 
2'' black pipe 0 .44 
2~'' black ;:>ipe 0 . 62 
3" black plpe 0.91 
2" black ella 1.16 
2~-" bl&ck tees 2,94 
2:\-" to 2" black reducer•s 1.74 
2" black coupltn"s 0.83 
2" gate valves 8.50 
3" gate valve 12. 00 
30 cu. yds. gravel ftlter, del. at site 2.20 
Rental 
1 pump for jetting, one ere 25,,)0 
capacity 
Labor 
2 men, l:l days per day 8.00 
Sub-total 
add 5,.. for m1 see llane ous 1 terns 
Power 
l centrifugal pump, t-hp. 125.00 
Total $ 
Total 
" 
El.OO 
127,60 
186.00 
182.00 
9.28 
14 .70 
10.44 
4.98 
51.00 
12.00 
66 .00 
2o.OO 
128.00 
----
868.00 
43.40 
911.40 
~00 
1,036.40 
Quantity 
Table 8. Capital Cost Estimate for 
Four-Well System 
Item Unit Cost 
Eo 11 prnont Aru1 .SU~lle..:i 
4 
2GO ft. 
100 ft. 
200 H. 
4 
4 
4 
2" ~ell po~nts, 115 q}at , 
Ed. E. Jornson Company 
2 11 black pipe 
2t" b laC\< pipe 
3" black pipe 
2" black ells 
2 2 " black tees 
z:·· to 2" black reducers 
2 11 black cou~llngs 
2" gnte valves 
3" gate valve 
$ 8 . 50 
0. 44 
0.62 
0.91 
1.16 
2.94 
l. 74 
0.83 
8.b0 
12 . 00 
20 c•I.~Tds. gravel filter, del. at site 2.20 
1 
2 
l 
punp for jettin,,, one c.t's 
capacity 
20.00 
mer:, E days per day 8.00 
Sub-total 
add 5~ for miscellaneous items 
centrlfu~al pump, 1/3-hp. 105.00 
Total 
Total 
1P 34.00 
114.40 
62.00 
182.00 
8.82 
3.32 
34.00 
12.00 
44.00 
20 .00 
96.00 
624.46 
31.22 
655.68 
~ 
$ 760.68 
5b 
